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The purpose of the experiment in mixture design is to model the blending surfaces with some form of mathematical equation so that: predictions of the response for any mixture or combination of the ingredients can be made empirically, or some measure of the influence on the response of each component singly and in combination with other components can be obtained. The usual assumptions made for factorial experiments are also made for mixture experiments. In particular, it is assumed that the errors are independent and identically distributed with zero mean and common variance. Another assumption that is made, as with factorial designs, is that the true underlying response surface is continuous over the region being studied. D-optimal designs are often used when classical designs do not apply or work. D-optimal designs are one form of design provided by a computer algorithm. These types of computer-aided designs are particularly useful when classical designs do not apply. Unlike standard classical designs such as factorials and fractional factorials, D-optimal design matrices are usually not orthogonal and effect estimates are correlated. These designs are always an option regardless of model or resolution desired. These types of designs are always an option regardless of the type of model the experimenter wishes to fit (for example, first order, first order plus some interactions, full quadratic, cubic, etc.) or the objective specified for the experiment (for example, screening, response surface, etc.).
Planning a mixture experiment typically involves the following steps (Cornell, 2000) :
Define the objectives of the experiment. 2.
Select the mixture components and any other factors to be studied. Other factors may include process variables or the total amount of the mixture.
3.
Identify any constraints on the mixture components or other factors in order to specify the experimental region.
4.
Identify the response variable(s) to be measured.
5.
Propose an appropriate model for modeling the response data as functions of the mixture components and other factors selected for the experiment. 6.
Select an experimental design that is sufficient not only to fit the proposed model, but which allows a test of model adequacy as well.
Considering all these aspects this research aims at optimizing mixtures of fiber from different sources and their effect on chapatti dough and chapatti quality fresh as well as during storage to design low-calorie chapatti formulation. The gritty texture of fiber limits their application singly. Introducing fiber in chapattis will enhance the acceptance of fiber and at the same time will improve chapattis nutritional profile. Fiber from natural sources such as wheat, soy fiber and type III resistant starch (RS) were chosen for incorporation, as rich fiber sources. Impact of fiber added singly and in associated mixtures at different levels on the chapatti dough characteristics (dough stickiness, cohesiveness, strength) and chapatti quality parameters (tear force, extensibility, color) has been evaluated by response surface methodology mixture design.
MATERIALS AND METHODS

Materials
Branded whole-wheat flour (Ashirwad atta, ITC), double filtered groundnut oil (Dhara, Amul), and table salt (Tata Co.) were procured from the local market. Very purified fiber such as wheat & soy fiber (VITACEL ® ) consisting mainly of cellulose and hemicellulose as a functional ingredient were gifted by J. Rettenmaier & Söhne, Rosenberg, Germany. Type III resistant starch (Hi-Maize) was gifted by National Starch and Chemical Company, Mumbai, India. Preformed pouches (15 x 19 cm) of four layer laminate of PET 12µ, Al foil 12µ, Nylon 15µ, CPP 85µ was gifted by Paper Product Limited, Mumbai, India. All other chemicals used for the analysis were of analytical grade.
Methods
Dough preparation and evaluation of dough stickiness
Whole wheat flour and selected fibers at different level ranging from 5-15% (w/w of whole wheat flour) in the form of dry formulation were mixed thoroughly and dough was prepared. Dough stickiness was measured according to the method of Hosney and Smegwish (1999).
One factor at a time optimization of fibers
In the present study the three fibers (wheat, soy and Type III RS) were optimized on the basis of one factor at a time method. Wheat, soy fiber and Type III RS were added at three different levels ranging from 5, 10 & 15 % on w/w basis of whole wheat flour. The dough was prepared and effect of level of fiber added on dough stickiness, dough strength and cohesiveness was studied.
Design of experiment
Once the level of fiber was optimized D-optimal mixture design was constructed using the software Design Expert Version 6.0.10 (Stat-Ease Corporation, Minneapolis, Minn., USA) and was used to analyze the results. Maximum and minimum predictor variable levels were chosen by carrying out preliminary trials as explained above. The sum of the factors were kept constant that is at 10.
Response surface methodology D-optimal mixture design D-optimal mixture design applied to a mixture containing three ingredients: x1-wheat fiber, x2-soy fiber and x3-type III RS. The variation selected to each variable was based on values which were optimized on the basis of sensory properties and textural properties, where x1, x2, x3 were changed from 2.5 to 5 g/100 g of wheat flour. For each of the response variables, model summaries Ftests and lack of fit tests which were then analyzed for linear or quadratic models. The cubic model was aliased because there were not enough points for this type of model. From this information, the most accurate model was chosen via the sequential F-tests, lack-of-fit tests and other adequacy measures. Threedimensional response surface plots were generated for each quality parameter. Calculation of optimal processing conditions for optimum tear force (g) and extensibility (mm) of chapatti was performed using a multiple response method called desirability (Box and Wilson, 1951; Myers and Montgomery, 1995) . This optimization method incorporates desires and priorities for each of the variables. In this study, predictor variables were permitted to be at any level within the range of the design. Statistical experimental design was used to optimize the level of fiber in a mixture to obtain flour of mixed fibers from different sources, which was checked with respect to effect on dough stickiness and tear force and extensibility of chapatti.
For statistical calculations, the relationship between the coded values and actual values are described by the following equation:
Where, Xi is coded value of variable; Ai the actual value of variable; A0 the actual value of the Ai at the center point; and ∆A the step change of variable. Chapatti tear force (g), extensibility (mm) (0, 1, 2 days) was taken as response variables.
Experiments were carried out in triplicate.
Quadratic equation for the variable was as follows Y = β0 +Σ βi Xi +Σ βii Xi Xj +Σi Σj βij Xi Xj Y is the predicted response; β0 a constant; βi the linear coefficient; βii the squared coefficient; and βij the cross-product coefficient.
The above quadratic equation was used to build surfaces for the variables. The software Design Expert Version 6.0.10 was used to analyze the results. Threedimensional mixtures plots of three factors versus tear force (g) and extensibility (mm) were obtained.
Preparation and evaluation of chapatti for tear force and extensibility and color (L a b).
In the present study chapattis were prepared and evaluated for tear force and extensibility according to the method of 
RESULTS AND DISCUSSION
Effect of fiber addition on dough and chappti Table 1 shows the effect of fiber addition on the stickiness of chapatti dough with added fiber. Wheat, soy fibers and type III RS were added into whole wheat flour at three levels viz., 5, 10 and 15 % w/w of whole wheat flour. From Table 1 it can be observed that control dough showed dough stickiness of 33.36 g and with the addition of wheat fiber the stickiness was increased to 38.05 g at 5%. High water absorption attributed to decrease in the water binding capacity of gluten (Dreese et al. 1982 ) thus increased stickiness. The effect has been attributed to the hydroxyl groups in the fiber structure, which allows more water interactions through hydrogen bonding (Guarda et al. 2004 ).
Ai -A0
Δ A Xi = Further addition of 10% and 15% wheat fiber, the dough stickiness was decreased due to the dilution of the gluten, as gluten fractions, have been shown to be important determinants of dough stickiness. Dough stickiness was reduced by addition of flour protein fractions concentrated in glutenin proteins (Dhaliwal and Mac Ritchie, 1990) ; gliadins have also been reported as responsible for dough adhesiveness (Ram and Nigam, 1983) . When soy fiber was added the dough stickiness was decreased, this was due to the less water absorption of the soy fiber. These results could be explained by the interactions between fibers and gluten, as suggested by Chen et al. (1988) . With the addition of type III RS, dough stickiness was increased at 5% level but it decreased with increased level. Water absorption is generally accepted to be of main importance in dough stickiness (Noguchi et al. 1976; Gaines, 1982; Heddleson et al. 1994 ). The higher the water absorption, the more sticky dough it gives (Hlynka, 1970 ; Chen and Hoseney, 1995; Armero and Collar, 1997). Adding excess water to flour produces dough with better wetting properties. The dough surface is in better contact with the surface of a probe, giving higher surface adhesion. The dough strength observed in wheat fiber added dough was higher than the control, and in case of soy fiber the dough strength was decreased with the increased level of soy fiber, type III RS at 5% concentration resulted in small increase in dough strength but decreased with the increased concentration. Cohesiveness may be measured as the rate at which the material disintegrates under mechanical action. From Table . 1 it can be seen that the cohesiveness of the dough samples were decreased with the increased level of fibers. This may likely be due to the interaction between polysaccharides and proteins from wheat flour as reported earlier by Jones and Erlander (1967). The reduction in dough cohesiveness values due to various cereal fibers addition have been reported by (Sudha et al. 2007; Piteira et al. 2006) . The increase in dietary fiber content has been reported to cause several changes in wheat dough and bread: dough yield increases by 3-5%, the dough becomes shorter and moister and fermentation tolerance decreases (Seibel, 1983) . Other dough properties e.g. kneading, handling properties, rising, fermentation, post-stiffening and stickiness can also be affected. The proportion of soluble and insoluble fiber influences the water absorption rate of the flour mixture (Haseborg and Himmelstein, 1988) .
All the values are mean ± sd of three values; wf: wheat fiber; sf: soy fiber Table 2 shows the effect of fiber addition on the chapatti tear force and extensibility. Tear force which indicates the force required to tear the chapatti. Decrease in tear force indicates the increase in softness of the chapatti whereas increase in tear force indicates the increase in hardness of chapatti. From Table 2 it can be observed that the softness was increased with the increased level of wheat fiber. Control chapatti showed 316.45 g tear force whereas with the addition of wheat fiber the softness of chapatti was increased; when soy fiber was added, softness was further increased. This might be due to the method of manufacturing for these two fibers is different and the difference in the composition of two, as the soy fiber manufacturing involves addition of small quantity of soy lecithin, and this lecithin which acts as an emulsifier thus acted as softening and natural antistaling agent (Ranhotra, 1993) in chapatti. Further, with the addition of type III RS chapatti hardness was increased; this was due to the high amylose content of the type III RS (www.hi-maize.com). Studies have shown that granular resistant starch provides better appearance, texture, and mouth feel than do conventional fiber sources and improves expansion and crispness in certain food applications (Waring, 1998) . In a study conducted at the American Institute of Baking, NOVELOSE 240 starch was compared to various traditional fibers in a high-fiber sponge and dough formulation. Breads were supplemented with fiber or resistant starch to obtain a "high source" of fiber (5 g/50 g serving or 10% TDF). A blend in which resistant starch and oat fiber each contributed to half of the desired TDF was included to demonstrate how resistant starch can complement other fiber sources. Breads containing resistant starch were determined to have superior quality compared to those made with traditional fibers (Waring, 1998 Table 2 it can be observed that with the fiber addition, extensibility of the chapatti was decreased due to the dilution of the gluten protein, whereas with the addition of type III RS; chapatti was found more extensible as can be seen from extensibility values. During two days storage of chapatti soy fiber shown to have an antistaling effect as can be seen from the lower tear force and high extension values as compared to control chapatti. Similar type of results were reported by Seibel (1983) who observed marked changes in loaf properties such as decreased bread volume and its elasticity. In another study by Abdul-Hamid and Siew Luan (2000), addition of defatted rice bran as a source of dietary fiber in bread making resulted into reduced loaf volume and increased firmness of the bread.
Effect of fiber mixtures on dough stickiness, chapatti tear force and extensibility All the values are mean ± sd of three values; wf: wheat fiber; sf: soy fiber Table 3 shows the levels of selected predictor variables for the D-optimal mixture design and summarizes the experimental design for optimization of fiber mixtures. To examine the combined effect of three different components (independent variables) on dough stickiness, dough strength and dough cohesiveness, D-optimal mixture design of 1-14 experiments were performed with different combinations (Table 3) . Table 4 also includes data showing effect of fiber mixture on chapatti tear force and extensibility (0, 1, 2 days) as a response. The application of RSM yielded following regression equation, which is an empirical relation between tear force 0 day (X1), tear force 1 day (X2), tear force 2 day (X3) and the test variable (A-wheat fiber, B-soy fiber, C-type III RS) in coded units. value is always between 0 and 1 and the closer the R 2 is to 1.0, the stronger the model and the better it predicted the response (Haaland, 1989) . For the tear force (0 day) response, mutual interaction of wheat fiber & type III RS (AC) (P< 0.0002) has the largest effect on tear force followed by wheat and soy fiber (AB) (P< 0.0048). Soy fiber, type III RS interaction was found to be insignificant ((P< 0.8439) ( Table 5) . *ss-sum of square, df-degree of freedom, A -wheat fiber, B -soy fiber, C -type iii rs Table 6 shows ANOVA for chapatti extensibility obtained by mixture design. For the extensibility (0 day) response, mutual interaction of wheat fiber & soy fiber (AB) (P< 0.0107) has the largest effect on extensibility followed by soy fiber & type III RS (BC) (P< 0.0219) and the interaction of wheat fiber and type III RS (AC) (P< 0.1856) showed to be insignificant. Fig. 1 (a) the effect of wheat fiber and soy fiber; Fig.1 (b) the effect of wheat fiber and type III RS Fig.1 (c) the effect of soy fiber and type III RS on tear force (0 Day). Other variables are held at zero level.
The contour plots are generally the graphical representations of the regression equation from which the values of tear force (0, 1, 2 day) and for different mixtures of variables respectively can be predicted. Each contour curve represents an infinite number of combinations of two least variables with the other maintained at zero level. The maximum predicted value is indicated by the surface confined in smallest ellipse in the contour diagram. Figures 1a-1c , shows the triangle contour plot for chapatti tear force (0 Day). Figure 1a shows interaction between wheat fiber and soy fiber. As soy fiber content in the mixture increased the softness of chapatti was also increased. The increased wheat fiber content also resulted in decreased softness of the chapatti while addition of type III RS resulted in increased hardness of the chapatti. Figure 2a depicts "mound shaped" surface at the corner. The contour line indicates that chapatti tear force was dependent on soy fiber and wheat fiber content. Figure 2b shows similar type of contour as Figure 2a and it can be seen that highest tear force values occurred at high soy fiber (5.00%) addition and at low wheat fiber (2.50%) addition. Figure .2c shows similar contour as Figure 2b for tear force values, whereas the response surface is more dependent on the soy fiber content. Figures 3a-3c show ternary response & contour plot of calculated tear force (2 day). Figure 3a illustrates contour plot of chapatti tear force after two days storage from the interaction between wheat fiber and soy fiber while keeping the other at 0 levels. A linear increase in chapatti hardness was observed when soy fiber was decreased from 5% to 2.50 %. When wheat fiber was increased from 2.5% to 4.17% a linear decrease in the hardness was observed. Figure 3b depicts the effect of wheat fiber and type III RS on tear force (2 Day). Wheat fiber at 2.92% and soy fiber at 4.17% resulted in retention of softness of chapatti. Similar pattern was observed with respective to Figure 3c . Figure 4a represents ternary response & contour plot of chapatti extensibility (0 day) with the interaction of the effect of wheat fiber and soy fiber. Extensibility of the chapatti was increased as type III RS addition was increased; this was due to the overall increased hardness of chapatti due to the addition of type III RS which contained 97% amylose and amylose has been reported as main reason for staling in starch containing products. As can be seen from contour plot of chapatti extensibility (0 Day); the effect of wheat fiber and soy fiber on extensibility chapatti (Figure 4a ) with the addition of soy fiber and wheat fiber extensibility was increased and, with the addition of type III RS; extensibility was decreased (Figure 4b) . Figure 4bc showed similar trend. 1 .7 9 9
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1 .8 1 8 In figures 5a-5c show that one asymmetric saddling at the center of contour plot, indicating a rather complex relationship between the independent and dependant variable. Saddle point is indicated as the absence of a unique maximum or minimum. Higher level of soy fiber added in chapatti resulted in retention of extension values even after two days of storage, indicating soy fiber as an antistaling agent which prevented the loss in elasticity due to retrogradation. observed the deleterious effects of fiber addition on bread dough structure and suggested that it could be due to the dilution of the gluten network, which in turn impairs gas retention rather than gas production. This was detected in a microscopic examination in which a major difference between the crumb structure of control and fiber containing breads was detected (Pomeranz et al. 1977) . The crumb structure of wheat breads was composed of thin sheets and filaments which were essentially absent in fiber -enriched breads. According to Gan et al. (1992) the bran materials in expanded dough appear to disrupt the starch gluten matrix and also restrict and force gas cells to expand in a particular dimension. This greatly distorts the gas cell structure and may contribute to the resultant crumb morphology which is an important element of crumb texture. Supplementation of baked products with dietary fiber requires changes in processing techniques for production of baked goods to achieve good consumer quality.
CONCLUSION
From present study it can be observed that addition of wheat, soy and type III RS fibers to whole wheat flour affected the rheological characteristics of the dough in various ways. The addition of these fibers in mixture decreased the dough stickiness and improved dough strength. This is beneficial from the industry point of view where the energy required is reduced due to reduced stickiness. Dough containing wheat fiber (2.5%), soy fiber (5.0%) and type III RS (2.5%) yielded highly acceptable chapattis in terms of textural properties. In the present study fibers, when added singly positively affected the quality of dough as well as chapatti; but when used in combination further improved the textural properties of chapatti hence the acceptability. These studies have demonstrated the potential for developing fiber -rich chapatti in order to increase the dietary fiber intake.
